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practical design situations, and Eq. (7.4) is quoted here only as an illustration of 
how rapidly the degree of complexity of the calculation increases when the terms 
in addition to the bending energy are taken into account. The essence of practical 
stress analysis is to learn how simplified formulas and procedures can be utilized 
to provide rational answers to specific questions without undue mathematical com¬ 
plexity. In this area, applications of simplified expressions for the elastic strain 
energy seem to be most appropriate. 


DEFLECTION BY DOUBLE INTEGRATION VERSUS 
CASTIGLIANO METHOD 


In this regard let us return to Design Problem 7.1 and the method of strain energy 
used in the derivation of the deflection formula for a simple cantilever beam. Let 
us obtain the same formula using the well-known double-integration method using 
the differential equation of the deflection curve, treated in most college texts and 
engineering handbooks 
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Since the bending moment equation is M h — Wx, as before, the first integration 
gives 
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Equation (7.6) involves a constant of integration B l and represents the equation of 
the slope. Second integration yields 

W: r 3 

EIY = -y- + B x x + B 2 (7.7) 

Equation (7.7) represents the equation of the deflection curve and involves two 
constants of integration. In accordance with the usual procedure, the integration 
constants are evaluated from a knowledge of boundary conditions. This is an impor¬ 
tant statement which often leads to difficulties when the exact boundary conditions 
are not well defined. In our elementary case, of course, we know that the slope is 
zero for x = L (Fig. 7.1), provided that the beam is rigidly clamped there. From 
Eq. (7.6), this condition gives B x = —WL 2 / 2. The second boundary condition, 
which probably can be fulfilled more precisely, gives Y = 0 at x = L, so that from 
Eq. (7.7), we obtain B 2 = WL Z / 3. Hence, substituting both constants in Eq. (7.7) 
yields 
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(7.8) 


The formula given by Eq. (7.8) is very useful because it gives the deflection at 
any point of the beam, although the derivation required specific information on 



